The third-order nonlinear optical properties of C60/poly(dimethylacetylendicarboxylate) have been studied using Z-scan technique. Experiments are performed using a CW diode laser at 635 nm wavelength and 26 mW power. The nonlinear absorption coecient β, nonlinear refractive index n2, Reχ 3 , and Imχ 3 in C60 doped poly(dimethylacetylendicarboxylate) are measured using Z-scan data. Our results show that the values of the nonlinear optical parameters (β, n2, Reχ 3 , and Imχ 3 ) of C60 doped poly(dimethylacetylendicarboxylate) are smaller than the polymer itself.
Introduction
With the extensive use of high-power laser in many dierent applications, much interest is currently being directed towards the search for new nonlinear optical materials as passive optical limiters used to protect human eyes and solid-state optical sensors from intense laser beams [13] . Over the past decades, extensive studies on optical limiting materials have been focused on nonlinear organic molecules [4, 5] , organic dyes [6] , conjugated compounds [7] , and fullerenes molecules and their derivatives [8, 9] with respect to nanosecond optical limiting behavior.
Fullerene (C 60 ) is a good material to be used as optical limiting materials. But, its poor solubility makes it dicult to be processed into parts. In contrast, mixing C 60 with polymers is one of the easiest ways to resolve the problem. Since early work of doping C 60 into PMMA polymer [10] , numerous investigators have demonstrated the optical limiting behavior of fullerenes doped polymer matrices using a pulse laser at 532 nm [1114] .
Z-scan
technique proposed by Sheik-Bahae et al. [15, 16] based on the spatial distortion of a laser beam, passed through a nonlinear optical material, is widely used in material characterization because of its simplicity and high sensitivity. Early work reporting on open-aperture Z-scan on C 60 in toluene solution are performed over the visible region (440660 nm) using optical parametric oscillator [17] , and C 60 in toluene [18] .
The nonlinear absorption coecients of C 60 :toluene solution were measured at 532 and 1064 nm [19] , also the open aperture Z-scan of C 60 , C 60 /polymer (C 60 /PSVPY32 and C 60 /PS) was measured [20] .
* corresponding author; e-mail: pscientific@aec.org.sy poly(dimethylacetylendicarboxylate) [21] , and C 60 doped poly(dimethylacetylendicarboxylate) [22] , this paper reports the Z-scan measurements of C 60 doped poly(dimethylacetylendicarboxylate) using a CW diode laser at 635 nm wavelength and at power of 26 mW.
To our knowledge, there is no report on the investigation of Z-scan measurements of C 60 doped poly(dimethylacetylendicarboxylate) polymer.
Experimental techniques
The C 60 was purchased from Fluka and used without any purication.
Poly(dimethylacetylendicarboxylate) material has been prepared and identied [21] . The method of preparing the sample of C 60 /poly(dimethylacetylendicarboxylate) was mentioned in detail in previous publication [22] . The Z-scan experimental setup was analogous to that described in Ref. [23] . The measurements were done with linearly polarized TEM00 Gaussian beam of a CW diode laser at 26 mW (λ = 635 nm as shown in Fig. 1 ). The experimental parameters during the measurements of the samples were used as follows: the laser beam is focused by a 10 cm focal length lens to a waist radius ω 0 of 34 µm at the focal point (I 0 = 424 W/cm 2 ). The diraction length z 0 is 5.5 mm, the radius of the aperture r a is 0.5 mm and ω a = 1 mm is the radius beam waist on the aperture. The sample cell used in this work is a standard 2 mm thick quartz cell since the standard 1 mm thick quartz cell is not available and the cell was hold on an optical rail and translated across the focal region (25) along the axial direction that is in the direction of the propagation of the laser beam ( The nonlinear absorption coecient β can be calculated from the open aperture Z-scan data. In this case, the linear transmittance of the aperture S is equal to 1, and in general S is given by
where r a is the radius of the aperture and ω a is the radius beam waist on the aperture
where ω is the beam waist radius at the focus, z a is the distance between the aperture and the focal point, and z 0 is the diraction length of the beam with wave vector k. The normalized transmittance for q 0 < 1, for the open aperture condition is given by [15, 16] :
where
) is a parameter function of I 0 , L eff and β, z 0 = πω 2 0 /λ is the diraction length of the beam, λ is the laser wavelength, and I 0 is the intensity of the laser beam at focus z = 0, L eff = (1 − exp(−α 0 L))/α 0 is the eective thickness of the sample (L is the thickness of the sample and α 0 is the linear absorption coecient). Solving the summation (3) for
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where ∆T is the one-valley value at the open aperture Z-scan curve in Fig. 2 . Fig. 4 . The studied samples exhibit strong selfdefocus behavior and negative sign of n 2 as revealed in the peak-valley shaped curves.
To estimate n 2 , the Z-scan theory proposed by SheikBahae et al. [15, 16] is used Fig. 3 . Nonlinear absorption coecient β versus on-axis input intensity I0 of C60 and poly(dimethylacetylendicarboxylate) in toluene. 
where is X = (Z/Z 0 ) and ∆ϕ 0 is the induced phase distortion of radiation when passed through the sample, this produces a symmetry ∆T p−v (peak-valley) curve, where the nonlinear refractive index n 2 can be calculated by formula given
where ∆T p−v is the dierence between normalized peak and valley transmittance of the divided data, ∆T p−v is measured from Fig. 4 . |∆ϕ 0 | is the induced phase distortion of radiation when passed through the sample, and the linear transmittance of the aperture S is estimated from Eqs. (1) and (2) (S = 0.39 for the present experiment).
The nonlinear refractive index n 2 can be estimated by the following relation:
The solid line in Fig. 4 is the tting curve, obtained by using Eq. (6). The nonlinear refraction (n 2 ) values of the studied samples can be obtained experimentally by measuring the distance between the normalized peak and normalized valley ∆T p−v from Fig. 4 and Eqs. (7), (8) . and nonlinear absorption coecient (β).
The experimental measurements of the nonlinear refractive index (n 2 ) and nonlinear absorption coecient (β) can be used to determine the real and imaginary parts of the third-order nonlinear optical susceptibility (χ 3 ) according to the following relations [15, 16] :
where ε 0 is the vacuum permittivity and c is the speed of light in vacuum.
Values of α 0 and n 0 were measured for each sample. Also, n 2 , β, |Reχ Table. The reported values of the β and n 2 of the studied samples in Table can This thermal eect arises from the predominantly nonradiative relaxation of the excited states, which causes a local temperature rise and thus a refractive index change through the thermo-optic coecient [26] .
The experiments were repeated for the pure solvent to account for its contribution, but no signicant measurable signals were produced in either the opened or the closed Z-scan traces. Also, it was found that the time employed for recording the Z-scan data in each plot does not aect the results for evaluating the nonlinear coecients.
The data show that the nonlinear absorption coecient β of C 60 /poly(dimethylacetylendicarboxylate)
have been found to be larger than poly(dimethylacetylendicarboxylate) and C 60 itself. For β, the following order is observed: β(C 60 /polymer) > β(C 60 ) > β(polymer). Concerning the nonlinear refractive index, n 2 the following order is: n 2 (C 60 ) > n 2 (C 60 /polymer) > n 2 (polymer). Both values of β and n 2 are mentioned in Table. Many previous studies reported that the RSA and nonlinear refraction mechanisms were believed to play a dominant role in the optical limiting eect of C 60 /polymer.
A classical ve-level model was proposed to explain the nonlinear optical limiting properties of C 60 /polymer, as it was pointed out in references [22, 27, 28] . We have presented the Z-scan measurements of C 60 doped polymer, using a CW diode laser at 635 nm wavelength. Depending on the experimental measurements, values of α 0 , n 0 , n 2 , β, Reχ 3 , and Imχ 3 are estimated for the C 60 /poly(dimethylacetylendicarboxylate). Our results show that the nonlinear absorption coecient β with the following order is observed: β(C 60 /polymer) > β(C 60 ) > β(polymer), while the nonlinear refractive index (n 2 ) is observed: n 2 (C 60 ) > n 2 (C 60 /polymer) > n 2 (polymer), respectively.
